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Scientific  Progress 


Working  with  the  Department  of  the  Army,  the  Photonics  Center  has  become  a  national  resource  for  biophotonics, 
nanophotonics,  and  photonic  materials  development  through  this  five-year  program  in  technology  development  aimed  toward 
addressing  critical  defense  needs. 

The  program  created  a  pipeline  for  photonics  technology  development  and  insertion  at  the  Boston  University  Photonics  Center. 
The  essential  elements  of  that  pipeline  are  described  in  Figure  1. 


Support  in  this  grant  was  used  primarily  for  Phases  l-lll.  Funds  were  divided  between  two  principal  cost  elements: 

1 .  An  infrastructural  element  that  supported  Photonics  Center  centralized  resources  for  technology  development,  prototyping, 
program  management,  and  Army  field  testing. 

2.  A  programmatic  element  that  supported  more  than  thirty  Faculty  Technology  Development  Awards  (FTDA)  over  five  years 
to  provide  candidate  technologies  for  prototyping  and  insertion. 

Following  is  a  list  of  three  major  pipeline  projects,  their  objectives,  their  BU  technology  basis,  and  their  timelines.  After  that,  a 
number  of  other  supported  pipeline  projects  are  highlighted  and  summarized. 

A.  Major  Pipeline  Projects 

A.1  Robot  Enhanced  Detection  Outpost  with  Lasers  (RedOwl) 

Main  theme:  Acoustic  direction  finding:  sound  localization 
Task  Managers:^,Professor  Allyn  Hubbard  /  Leah  Ziph-Schatzberg 

Objective:^Transition  Boston  University  acoustic  direction  finding  (ADF)  technology  to  industrial  partners.  The  system  responds 
after  the  first  shot  and  is  able  to  image  the  firing  source  and  identify  the  range  to  it.  RedOwl  provides  early  warning  information, 
situational  awareness,  intelligence,  surveillance  and  targeting  capabilities. 

BU  Technology  Basis:  Researchers  at  Boston  University  have  developed  acoustic  localization  enabling^technology  based  on 
the  mammalian  auditory  system.  This  biomimetic  technology  is  capable  of  accurate  sound  localization  with  a  significantly 
smaller  microphone  separation  than  traditional  sound  localization  systems.  This  technology  has  been  integrated  with  a  suite  of 
optical  sensors  built  for  military  use  and  mounted  on  an  iRobot  PackBot.  RedOwl’s  integrated  optical  sensor  suite  includes: 
laser  range  finder,  laser  illuminators/pointer,  ADF  and  classifier  with  acoustic  sensors,  zoom  thermal  imager,  low  light/day  light 
color  300x  zoom  camera,  digital  compass  with  integrated  GPS  positioning,  communications  link  and  two  wide  angle  driving 
cameras. 

Transition:  RedOwl  was  transitioned  to  production  by  the  industrial  partners  that  participated  in  the  project:  Biomimetic  Systems, 
Inc.,  Insight  Technologies  and  iRobot.  The  system  was  tested  extensively  at  local  firing  ranges.  Special  Operations  Command 
(SOCOM)  requested  three  systems  be  sent  to  Afghanistan  for  further  testing.  The  RedOwl  was  also  tested  by  Soldier  Battle  Lab 
in  Fort  Benning,  GA.  Initial  reports  from  this  test  were  very  favorable.  Army  Research  Laboratories  (ARL)  integrated  a  RedOwl 
head  in  their  network  as  a  sensor  node. 

Timeline: 

•  Proof  of  concept  of  ADF  on  a  PackBot  -  2005^ 

•  Integrated  optics  and  acoustic  suite  -  April  2006^ 

•  System  test  at  AAEF  -  September  2006^ 

•  HMMWV  mounted  system  -  March  2007^ 

•  ADF  technology  and  system  improvements  -  Through  2008 

•  SOCOM  deployment  -  Fall  2008^ 

•  Insertion  to  industry  partner  -  Fall  2008 

A. 2  Enhanced  Acoustic  Gear  for  Locating  Enemies  (EAGLE) 

Main  Theme:  Wearable  acoustic  direction  finding:  sound  localization 
Task  Managers:  Professor  Allyn  Hubbard  /  Dr.  Helen  Fawcett 

Objective:^Transition  RedOwl  acoustics  system  to  a  warfighter  wearable  format  in  support  of  Future  Force  Warrior  (FFW) 
program,  with  the  first  target  being  a  helmet  mounted  system. 

BU  Technology  Basis:  Researchers  at  Boston  University  have  developed  acoustic  localization  enabling  technology  based  on 


the  mammalian  hearing  apparatus.  This  biomimetic  technology  enables  sound  localization  with  a  significantly  smaller 
microphone  separation  than  traditional  sound  localization  systems.  It  is  also  far  more  accurate  and  immune  to  other  noise 
sources  and  echoes  and  is  designed  to  provide  early  warning  information,  gunshot/  sniper  detection  and  localization, 
intelligence,  surveillance  and  targeting  capabilities  to  military  forces  and  government  agencies.  This  technology  has  been 
integrated  with  the  Future  Force  Warrior  (FFW)  helmet  design  to  demonstrate  the  versatility  of  the  technology  base. 

Transition:  The  Boston  University  Photonics  Center,  in  partnership  with  Biomimetic  Systems,  participated  in  the  Side  Excursion 
at  Fort  Dix,  New  Jersey  and  the  On-the-move  C4ISR  VIP  Day  in  July  successfully  locating  12  test  rounds  for  the  demonstration. 
From  the  success  at  the  VIP  Day,  the  team  met  with  groups  from  ARDEC  and  PM  Soldier,  Systems,  and  Lasers  to  gain 
feedback  on  the  relevance  and  acceptance  of  the  platform  integrated  onto  the  FFW  helmet.  This  technology  basis  was 
displayed  as  a  proof-of-concept  (lap  top  for  leader  display  or  command  post,  hand-held  PDA  or  integrated  optical  display  for 
field  soldiers)  promising  integrability  with  FFW  plans.  This  technology  addresses  a  critical  need  for  soldier-worn  acoustic 
sensors  as  protection  against  snipers  and  to  improve  situational  awareness  in  urban  warfare  environments.  EAGLE  was 
transferred  directly  to  BioMimetic  Systems,  Inc.  for  pursuit  in  SWAT/  Homeland  Security  applications  and  other  soldier  wearable 
platforms.  The  last  demonstration  of  the  technology  was  in  December  2007  at  Fort  Benning  for  a  data  collection  opportunity. 

Timeline:^ 

•  Prototypes  to  meet  VIP  FFW  platform  -  July  2007^ 

•  Army  tests,  additional  capabilities  -  December  2007 

•  Insertion  to  industrial  partner  -  June  2008 


A.  3  Compact  Optical  Biothreat  Rapid  Analyzer  (COBRA) 

Task  Managers:  Professor  Lawrence  Ziegler/Dr.  Helen  Fawcett 

Objective:  Final  data  collection  and  determination  of  performance  and  identification  of  engineered  substrates  when  compared  to 
the  sol-gel  chemically  manufactured  nanostructured  metal  substrates.  Based  on  this  data,  the  team  developed  a  manufacturing 
protocol  that  can  transferred  to  a  manufacturing  partner. 

BU  Technology  Basis:  A^BU  Photonics  Center^research  team  developed  a  new  in-situ^grown  aggregated  Au  or  Ag 
nanoparticle^covered  Si02  matrix  that  demonstrated^exceptionally  strong  and  reproducible  signal^enhancements  for  surface 
enhanced  Raman^spectroscopy  (SERS)  detection  of  bacteria  and  spores. 

Transition:  Several  compact  instruments  were  developed  using  these  enhanced  substrates  with  a  goal  of  producing  instruments 
that  could  be  used  at  Army  medical  and  research  facilities  for  rapid  detection  of  bacterial  infections.  Transition  involved 
collaborative  research  with  the  US  Army  Medical  Research  Institute  of  Infectious  Diseases  (USAMRIID).  The  output  of  these 
programs  has  resulted  in  instrumentation  deployed  at  Fort  Detrick,  which  has  proven  particularly  useful  in  forensic  biology  work 
being  conducted  at  USAMRIID  where  species,  sub-species  and  lab  of  origin  information  needs  to  be  accurately  and  rapidly 
identified.  A  second  instrument  for  viral  detection  was  developed  in  collaboration  with  BD  Technologies,  a  worldwide  leader  in 
diagnostic  technologies. 

Timeline:^ 

•  Proof  of  concept  -  June  2006 

•  COBRA  I,  compact  instrument  for  USAMRIID  evaluation  -  June  2008 

•  COBRA  III  insertion  at  USAMRIID  -  January  2010 

•  T ranslation  to  industrial  partner  -  December  2010 

B.  Additional  Pipeline  Projects 

B.1  Spectral  Reflectance  Imaging  Biosensor  (SRIB) 

Task  Managers:  Professor  Selim  Unlu/Dr.  Helen  Fawcett 

Objective:  Develop  a  label-free  antigen  detection  platform  for  virus  biothreats.  The  team  was  challenged  with  developing  a 
detection  platform  for  antigen  as  opposed  to  antibody  detection  to  fulfill  the  general  concept  of  detection  prior  to  infection. 

Approach:  SRIB,  a  label  free  process, ^can  be  used  to  diagnose  and  detect^numerous  distinct  molecular  biomarkers^in  a 
multiplexed  format  when  compared^to  individual  single  Enzyme-Linked^lmmunsorbent  Assay  (ELISA)  test^protocols.  In  this 
pipeline  project,  BU  developed  an  antigen^based  capture  technology.  The  main^purpose  was  detection  of  clinically^relevant 
quantities  (1 0A6  PFU)  of  a  virus^within  the  sample. 


Transition:  The  technology  was  transitioned  to  Zoiray  Technologies,  Inc.,  a  BU  spin  off. 

B.2  Portable  IR  Laser  Bio-Dosimetry  Radiation  Scanner  (RADSCAN) 

Task  Managers:  Professor  Lee  Goldstein/Leah  Ziph-Schatzberg 

Objective:  Develop  an  instrument  to  detect  radiation  exposure  by  imaging  cross-linked  structures  in  the  cornea. 

Approach:  The  team  developed  a  corneal  imaging  instrument  using  Quasielastic  light  scattering  to  determine  detectible  protein 
aggregates  in  the  periphery  of  the  cornea  resulting  from  radiation  exposure. 

Transition:  Performed  data  analysis  and  bio-dosimetry  research  at  Armed  Forces  Radiology  Research  Institute  (AFRRI)  and 
Lawrence  Berkley  National  Laboratory  (LBNL),  to  which  instruments  were  delivered. 

B.3  Chemically  Enhanced  Photonic-Plasmonic  Crystals  for  Explosive  Vapor  Detection  (Photonic  Sniffer) 

Task  Leaders:  Bjoern  Reinhard,  Luca  Dal  Negro 

Objective:  Develop  a  chemically  enhanced  photonic  plasmonic  sensor  for  explosive  vapor  detection.  This  technology  utilized 
chemically  functionalized  plasmonic  crystals  for  the  selective  and  sensitive  detection  of  specific  threat  molecules. 

Transition:  The  Photonic  Sniffer  technology  was  demonstrated  to  potential  industrial  supporters  for  the  detection  of  explosive 
vapors  with  high  fidelity,  low  false-alarm  rate  and  detection  sensitivity  comparable  to  that  of  explosive  detection  dogs. 

B.4  Thermal  Neutron  Detector  Using  Lithium  Film  in  an  Optical  Time-Projection-Chamber 
Task  Leaders:  Steven  Ahlen,  Helen  Fawcett 

Objective:^  Develop  a  compact  neutron  detection  system  that  does  not  use  rare  3He  gas,  but  instead  uses  thin  films  of 
enriched  lithium  or  lithium  fluoride  as  the  neutron  detecting  material. 

Approach:^The  proposed  detection  mechanism  relies  on  the  identification  of  daughter  products  following  the  absorption  of 
thermal  neutrons  by  6Li.  This  method  uses  a  time-projection-chamber  (TPC)  with  a  gas  of  CF4,  with  a  wire  mesh/  anode 
amplification  gap,  and  with  a  photomultiplier  tube  (PMT)  readout. 

Transition^The  instrument’s  neutron  detection  efficiency,  response  time,  and  gamma  ray  detection  efficiency  met  or  exceeded 
the  current  requirements  for  replacement  of  existing  neutron  detectors  that  use  3He.  This  development  effort  will  help  define  a 
new  technology  to  assist  in  the  replacement  of  detectors,  a  market  totaling  approximately  one  billion  dollars. 

B.5  Secure  Communicating  Optical  Ultra-light  Transponder  (SCOUT) 

Task  Managers:  Thomas  Bifano/  Leah  Ziph-Schatzberg 

Objective:  Enable  a  new  class  of  communications  to  assist  in  situational  awareness  using  a  military  issued  optical  laser  system 
already  in  theater  and  integrating  innovative  micro-mirrors  to  transmit  sound  securely. 

Approach:  Using  BU  low  power  deformable  microelectromechanical  (MEMs)  devices  as  facets  of  a  corner  cube  retroreflector, 
develop  a  secure  laser  communication  system. 

Transition:  A  system  prototype  was  integrated  into  a  modified  Insight  Technology  fielded  weapon.  The  system’s  modules  and 
performance  characteristics  have  been  tested  and  analyzed.  Clear  communication  was  demonstrated  at  ranges  over  200 
meters.  In  addition,  NRL  tested  SCOUT  at  in  an  underwater  application.  The  test  determined  that  the  assemblies  are  suitable 
for  underwater  communication  application  at  higher  modulation  frequencies. 

B.6  Resonant  Optical  Virus  Reader  (ROVR) 

Task  Managers:  Hatice  Altug/John  Connor/Dr.  Helen  Fawcett 

Objective:  Validate  detection  of  clinically  relevant  concentrations  of  whole  virus  in  serum  using  Vesicular  Stomatitis  Virus  (VSV) 
and  well  developed  antibodies  against  VSV. 

Approach:  Optical  resonances  are  among  the  most  sensitive  optical  phenomena  to 

small  refractive  index  modulations  in  their  near-environment.  In  this  project  we  used  photonic  crystal  (PhC)  structures  to 
manipulate  light  on  a  chip.  By  changing  the  size  of  one  or  more  holes,  we  can  created  nano-scale  optical  resonators  (also 


known  as  photonic  crystal  nanocavities  or  defects)  that  localize  light.  Employing  enhanced  resonance  effects,  namely  small 
mode  volume  and  high  Q,  dramatically  reduces  the  detection  limit  of  optical  resonance  based  biosensors  while  increasing  their 
multiplexing  capability. 

Transition:  The  team  demonstrated  virus  detection  (clinically  relevant  amounts 
in  serum). 

B.7  Development  of  UV  LEDs  Emitting  at  250-260  nm  for  Water-Air  Purification  and  Surface  Sterilization 

Task  Manager:  Professors  Enrico  Bellotti,  Theodore  Moustakas  and  Roberto  Paiella/Leah  Ziph-Schatzberg 

Objective:  The  team  set  out  to  develop  electrically  pumped  UV  LEDs  emitting  at  250-260  nm  for  water-air  purification  and 
surface  sterilization  applications.  UV  light  at  these  wavelengths  acts  on  microbiological  contaminants  in  water  and  air  through  a 
process  by  which  adjacent  thymine  nucleic  acids  on  DNA  are  dimerized,  preventing  replication  of  the  microorganisms.  This 
process  has  been  shown  to  be  effective  for  E.  coli,  Giardia  and  even  more  resistant  virus  strains  such  as  Adenovirus.  The 
developed  robust  and  non-toxic  solid  state  devices  are  intended  to  replace  the  present  low-pressure  mercury  lamp  emitting  at 
254nm. 

Approach:  The  BU  team  is  a  leader  in  UV  LED  material  development.  We  developed  high  quality  AIN  templates,  heavily  doped 
contact  layers  and  high  IQE  quantum  wells.  The  group  demonstrated  state  of  the  art  devices  emitting  at  273  nm  and  then  initial 
devices  emitting  a  265  nm. 

Transition:  The  technology  has  been  licensed  to  a  BU  spinout  that  has  received  venture  funding  for  further  development. 

Technology  Transfer 

Semi-annual  meetings  with  ARL  SEDD  director  for  technical  program  management  and  dissemination  of  technical  results 

Startup  company  generated  for  sniper  detection  prototype  (Biomimetic  Systems  Inc.,  Boston,  MA) 

Startup  company  licensed  to  develop  SERS  bacterial  detection  prototype  (Raman  Systems  Inc,  Boston,  MA) 

Collaborative  efforts  with  USAMRIID  for  development  of  bacterial  and  viral  front  end  detection  systems  for  use  at  government 
BSL4  facility 

Collaborative  efforts  with  iRobot  and  Insight  Technology  for  development  of  RedOWL  sniper  detection  system. 

T ransfer  of  technology  to  NRL  for  underwater  modulated  retroreflector  system  (SCOUT). 

Participation  in  Air  Assault  Expeditionary  Force  (AAEF)  field  trials  at  Fort  Benning  for  RedOWL. 

Prototypes  for  Neutron  detection,  laser  communication  by  modulated  retroflection,  and  single  virus  microscopy  were 
constructed  and  demonstrated  to  military  end-users. 


